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Introduction {#onco13302-sec-0006}
============

Thrombosis is a common complication in patients with cancer and is associated with high mortality [1](#onco13302-bib-0001){ref-type="ref"}, [2](#onco13302-bib-0002){ref-type="ref"}, [3](#onco13302-bib-0003){ref-type="ref"}, [4](#onco13302-bib-0004){ref-type="ref"}, [5](#onco13302-bib-0005){ref-type="ref"}, [6](#onco13302-bib-0006){ref-type="ref"}. Its pathogenesis is multifactorial, with patient‐, tumor‐, and treatment‐related factors (e.g., antineoplastic agents and central lines) influencing the frequency of venous and arterial thromboembolic events [7](#onco13302-bib-0007){ref-type="ref"}, [8](#onco13302-bib-0008){ref-type="ref"}, [9](#onco13302-bib-0009){ref-type="ref"}, [10](#onco13302-bib-0010){ref-type="ref"}, [11](#onco13302-bib-0011){ref-type="ref"}. Identifying patients at risk for the development of cancer‐associated thrombosis is challenging, especially because the absolute risk of these complications also varies with the natural history of malignant disease [11](#onco13302-bib-0011){ref-type="ref"}, [12](#onco13302-bib-0012){ref-type="ref"}. In surgical patients, the type of cancer and invasiveness of procedures have been the basis for initiating prophylaxis [13](#onco13302-bib-0013){ref-type="ref"}; however, derived risk scores have been advocated. In medical oncology patients receiving systemic therapies, several risk scores based on patient characteristics have been developed [14](#onco13302-bib-0014){ref-type="ref"}, [15](#onco13302-bib-0015){ref-type="ref"}, [16](#onco13302-bib-0016){ref-type="ref"}.

Pharmacologic thromboprophylaxis has demonstrated good efficacy and safety in surgical cancer patients [17](#onco13302-bib-0017){ref-type="ref"}, [18](#onco13302-bib-0018){ref-type="ref"} and may be usefully extended up to 1 month postoperatively [13](#onco13302-bib-0013){ref-type="ref"}, [19](#onco13302-bib-0019){ref-type="ref"}, [20](#onco13302-bib-0020){ref-type="ref"}. In medical oncology patients, the use of low‐molecular‐ and ultra‐low‐molecular‐weight heparin, although effective and safe [21](#onco13302-bib-0021){ref-type="ref"}, [22](#onco13302-bib-0022){ref-type="ref"}, [23](#onco13302-bib-0023){ref-type="ref"}, is not routinely recommended because absolute reductions in thromboembolic complications in unselected patient populations have not been considered sufficiently clinically meaningful [13](#onco13302-bib-0013){ref-type="ref"}. More recently, direct oral anticoagulants (DOACs) have been assessed for the prevention of cancer‐associated thrombosis in medical oncology patients [24](#onco13302-bib-0024){ref-type="ref"}, [25](#onco13302-bib-0025){ref-type="ref"}, [26](#onco13302-bib-0026){ref-type="ref"}, [27](#onco13302-bib-0027){ref-type="ref"}, [28](#onco13302-bib-0028){ref-type="ref"}, [29](#onco13302-bib-0029){ref-type="ref"}, [30](#onco13302-bib-0030){ref-type="ref"}. Although these drugs improve prognosis, they have failed to demonstrate any impact on enhancing survival [13](#onco13302-bib-0013){ref-type="ref"}, [31](#onco13302-bib-0031){ref-type="ref"}.

The first Fundamental Research in Oncology and Thrombosis (FRONTLINE) Survey was conducted in 2001 and published in *The Oncologist* shortly thereafter [32](#onco13302-bib-0032){ref-type="ref"}; the present survey, FRONTLINE 2, will provide an opportunity to understand the recent evolution in perceptions and patterns of practice against cancer‐associated thrombosis. The survey was designed to capture a large, highly representative sample of respondents so as to generate new insights into VTE of cancer and potentially stimulate further research into this often‐serious paraneoplastic complication.

Materials and Methods {#onco13302-sec-0007}
=====================

Study Design {#onco13302-sec-0008}
------------

As with FRONTLINE [32](#onco13302-bib-0032){ref-type="ref"}, FRONTLINE 2 was developed by the Thrombosis Research Institute (TRI; London, U.K.) in collaboration with a dedicated steering committee of clinicians with expertise in VTE. Between November 2015 and February 2016, news of the survey was distributed by a series of mailings, advertisements, and congress activities. It was estimated that if 50,000 medical professionals were invited to participate, approximately 5,000 might complete the survey. The survey was accessible across all platforms and browsers, on any computer, laptop, iPad, or mobile device (Apple, Android). Respondents were asked to enter their e‐mail address and generate an identifier before entering the survey website.

The survey questionnaire was divided into five parts (sections A--E). In section A, respondents were asked to provide data on their patients\' demographics. Section B was devised specifically to investigate the incidence and management of VTE in surgical cancer patients. Section C sought similar information in nonsurgical cancer patients (medically ill patients with cancer), defined as those with active cancer receiving outpatient treatment and in whom surgery was not planned. Section D contained questions on thrombosis associated with vascular access devices, and section E on incidental thrombosis in patients with cancer. Each section contained 10--20 multiple‐choice questions and the entire survey was supposed to take each respondent no longer than 20--30 minutes to complete.

The survey was designed to assess perceptions and patterns of practice; therefore, the findings are presented simply as percentages exclusive of missing values. No formal statistical analysis of the study data was performed.

Results {#onco13302-sec-0009}
=======

Demographics {#onco13302-sec-0010}
------------

In all, 5,233 respondents completed the survey. The largest group, accounting for approximately one third overall, were from Europe; 18.4% were from North America, 5.9% from South America, 15.3% from Asia, and 31.1% "rest of the world"---mostly Middle Eastern nations. Roughly half of physicians (47.0%) were affiliated with university hospitals, with one third (33.2%) at community/district hospitals and the remainder (19.8%) private practitioners. Among them, they treated a wide variety of different cancer types, most prominently those of the breast, lung, and colon, with lymphoma, prostate and hematologic malignancies also highly represented.

Perception of Risk by Cancer Type {#onco13302-sec-0011}
---------------------------------

For the most part, respondents believed that less than one in five patients with each type of cancer might be at risk of VTE, with a slightly higher perception of risk in patients with brain, pancreatic, and lung tumors.

Patterns of Prophylaxis {#onco13302-sec-0012}
-----------------------

For all types of cancer except those affecting children and adults with leukemia, physicians were almost evenly divided between those who routinely administered VTE prophylaxis to most of their patients (\>50%) and those who did not. Physicians who treated pediatric cancers and adult leukemia were least likely to administer any prophylaxis. The most frequently selected reasons for giving prophylaxis indicated by more than half of respondents treating surgical patients were prior history of VTE (74.6%), thrombophilia/thrombocytosis (62.0%), and obesity (59.5%).

Among physicians treating surgical cancer patients, 63.1% reported that they routinely provided prophylaxis against VTE, whereas the remainder did so on a case‐by‐case basis. Most (73.5%) themselves initiated prophylaxis, with a minority referring their patients to a specialist thrombosis service or hematologist to provide prophylaxis. Physicians\' general approach to giving prophylaxis against VTE in surgical cancer patients is displayed in Figure [1](#onco13302-fig-0001){ref-type="fig"}. LMWH and unfractionated heparin (UFH) were overwhelmingly the most common pharmacologic methods, used by 74.2% and 21.9% of respondents, respectively, and most respondents (69.3%) used physical methods such as compression hosiery. Aspirin was more commonly used as prophylaxis than oral anticoagulants (warfarin and DOACs)---in 20.6% and 18.8% of cases, respectively. Vena cava filters were rarely or never placed. In the highest proportion of cases, prophylaxis was provided for 1 month postoperatively (32.0%); few respondents administered prophylaxis for longer periods of 3 months (12.3%) or indefinitely (7.3%). Most respondents (71.7%) reported mobilizing their patients within 48 hours or within 2--5 days following surgery (19.3%).

![Respondents\' general approach to prophylaxis against venous thromboembolism. Note: Respondents could give more than one answer and totals may exceed 100%.Abbreviations: LMWH, low‐molecular‐weight heparin; UFH, unfractionated heparin.](ONCO-25-e1091-g001){#onco13302-fig-0001}

In medically ill patients with cancer, the major reasons underlying any decision to administer prophylaxis against VTE were prior episode of VTE (reported by 26.3% respondents) and high‐risk individuals (14.4%). The main barriers to providing VTE prophylaxis were presence or perceived high risk of bleeding (both \>80%), whereas history of bleed was less commonly a reason for withholding VTE prophylaxis (reported by 43.0%). The respondents\' general approach to prophylaxis is shown in Figure [1](#onco13302-fig-0001){ref-type="fig"}. Likewise as with surgical cancer patients, most respondents indicated that they used LMWH (80.6%) or UFH (21.7%) in the setting of prophylaxis, with a slightly higher proportion using fondaparinux and oral anticoagulants compared with respondents who dealt with surgical cancer patients (20.0% vs. 12.1% and 30.9% vs. 18.8%, respectively).

Diagnosis and Treatment of VTE {#onco13302-sec-0013}
------------------------------

For the diagnosis of VTE (deep vein thrombosis \[DVT\] and pulmonary embolism \[PE\]), most respondents managing surgical patients used clinical judgment plus standard objective imaging---86.5% reported using ultrasound for the diagnosis of DVT and 78.4% computed tomography/magnetic resonance imaging scan for PE.

Respondents\' initial treatment approaches for VTE (DVT or PE) and long‐term strategies for DVT and PE in surgical and medical cancer patients are displayed in Figures [2](#onco13302-fig-0002){ref-type="fig"} and [3](#onco13302-fig-0003){ref-type="fig"}. No obvious difference was noted between the approach to treatment of these complications in surgical and medical cancer patients. Nearly all patients (99%) with a diagnosis of DVT or PE were treated. Treatment was initiated for the most part using heparins---LMWH or UFH---or oral anticoagulants (Vitamin K antagonist (VKA) or DOAC). Thereafter, over the long term, LMWH was largely discontinued and patients were maintained on oral anticoagulant therapy (primarily warfarin, dabigatran, or rivaroxaban). Aspirin was used in just over 20% of surgical cancer patients but less frequently in medical patients. Responses to optimal duration of long‐term anticoagulant therapy against DVT are depicted in Figure [4](#onco13302-fig-0004){ref-type="fig"}. The most frequently selected response in surgical and medical cancer patients was 3--6 months, as indicated by roughly half (\>40%--50%) of respondents. Longer duration of therapy (6--12 months or indefinitely) was less commonly selected following an episode of DVT than after PE.

![Initial treatment approach for venous thromboembolism (deep vein thrombosis or pulmonary embolism). Note: Respondents could give more than one answer and totals may exceed 100%.Abbreviations: LMWH, low‐molecular‐weight heparin; UFH, unfractionated heparin.](ONCO-25-e1091-g002){#onco13302-fig-0002}

![Long‐term treatment approach for deep vein thrombosis **(A)** and pulmonary embolism **(B)**. Note: Respondents could give more than one answer and totals may exceed 100%.Abbreviations: LMWH, low‐molecular‐weight heparin.](ONCO-25-e1091-g003){#onco13302-fig-0003}

![Duration of long‐term anticoagulant therapy in surgical and medical cancer patients with deep vein thrombosis **(A)** and pulmonary embolism **(B)**. Note: Respondents could give more than one answer and totals may exceed 100%.](ONCO-25-e1091-g004){#onco13302-fig-0004}

Central Venous Access {#onco13302-sec-0014}
---------------------

The majority of respondents (76.2%) indicated that insertion of a central venous catheter (CVC) increases the risk of thrombosis. However, half (51.6%) reported that they rarely or never gave prophylaxis against DVT in patients with CVC placement. Among those who choose to anticoagulate, most (55.5%) reported that they use LMWH, with UFH, fondaparinux, and oral anticoagulants (mainly warfarin) also frequently selected. Treatment would typically last 3--6 months, and most respondents (61.3%) would discontinue anticoagulant therapy once the CVC was removed.

Comparison of FRONTLINE 2 Versus FRONTLINE {#onco13302-sec-0015}
------------------------------------------

The original FRONTLINE survey was conducted in 2001 [32](#onco13302-bib-0032){ref-type="ref"}. Because the FRONTLINE program was designed to probe current real‐world practices, survey questions were identical in the original survey and the present survey. For comparison, the FRONTLINE and FRONTLINE 2 respondents\' geographical location, practice setting, and approach to prophylaxis against VTE in surgical and medical cancer patients are depicted in Figure [5](#onco13302-fig-0005){ref-type="fig"}.

![Comparison between FRONTLINE and FRONTLINE 2. Respondents\' geographical region **(A)** and practice setting **(B)**. Methods for VTE prophylaxis in patients with cancer managed surgically **(C)** and medically **(D)**. Note: Respondents could give more than one answer and totals may exceed 100%.Abbreviations: LMWH, low‐molecular‐weight heparin; OAC, oral anticoagulant; ROW, rest of world; UFH, unfractionated heparin.](ONCO-25-e1091-g005){#onco13302-fig-0005}

Discussion {#onco13302-sec-0016}
==========

FRONTLINE 2 is a global survey of perceptions and clinical practices of oncologists (surgical, medical, radiation, hematologic, and pediatric oncologists and specialist care nurses) who treat cancer‐associated thrombosis. More than 5,000 respondents dealing with a broad range of cancers from around the world completed the survey. They confirmed that VTE is a fairly commonplace manifestation in patients with cancer. Although respondents indicated that they were aware of the risk of VTE in their patients, they did not always administer prophylaxis. Treatment of VTE events, however, was universally provided (in 99% of cases). Respondents reported using mainly LMWH, UFH, and fondaparinux over the short term and maintaining treatment using a range of oral anticoagulant medications in the longer term: warfarin was most widely used, followed by DOACs such as dabigatran and rivaroxaban. Prophylaxis was administered usually for 1 month, which may reflect guideline‐recommended practice to administer anticoagulation to patients with cancer during periods of hospitalization or after undergoing anticancer surgery [13](#onco13302-bib-0013){ref-type="ref"}, [20](#onco13302-bib-0020){ref-type="ref"}. Treatment of VTE events typically lasted 3--6 months, with a somewhat higher proportion of patients with PE than those with DVT remaining on anticoagulants for longer periods (6--12 months or beyond). This observation is supported by the EINSTEIN program of studies [33](#onco13302-bib-0033){ref-type="ref"}, [34](#onco13302-bib-0034){ref-type="ref"}, in which intended duration of treatment (with either rivaroxaban or standard therapy) was determined by treating physicians and tended to be longer for PE than VTE.

Compared with the original FRONTLINE survey conducted in 2001, the present FRONTLINE 2 is overall consistent and shows some small differences in the routine management of VTE in patients with cancer. Newer anticoagulant agents that entered the market after FRONTLINE have expanded the therapeutic options against VTE. Fondaparinux (approved by the European Medicines Agency in 2002) is currently widely used, as are the DOACs dabigatran (approved 2008) and rivaroxaban (approved 2008). These DOACs have become the mainstays of treatment against DVT and PE. Use of aspirin has increased especially in surgical cancer patients. Whether these changes are entirely due to the more recent introduction of newer agents or differences between the FRONTLINE and FRONTLINE 2 survey respondents\' geographical location and/or clinical practice setting is unknown; FRONTLINE 2 included a much higher proportion of "rest of the world" and fewer western European participants than original FRONTLINE as well as input from private practitioners, who were not petitioned in the earlier survey.

Guidelines for the prophylaxis and treatment of VTE in patients with cancer such as those disseminated by the American Society of Clinical Oncology [13](#onco13302-bib-0013){ref-type="ref"} and others [35](#onco13302-bib-0035){ref-type="ref"}, [36](#onco13302-bib-0036){ref-type="ref"} recommend that VTE be managed similarly to that arising in individuals without cancer: anticoagulation using LMWH (especially in medical oncology)/UFH, VKA, or DOAC underlying the basis of therapy. Although guidelines are highly useful education materials backed by evidence mainly from clinical trials, their actual implementation is uncertain; in reality, patients with cancer are more likely treated individually. Moreover, "cancer" is a very broad term used to describe a great variety of solid tumors and malignant blood disorders of early and more advanced stages in elderly, not‐so‐elderly, and children treated with or without surgery (an independent risk factor for VTE), hospitalized to receive chemotherapy or at end of life, or outpatients managed in the community. Hence, real‐world data are important because they tell us what clinicians are indeed doing based on their perceptions and patients\' preferences.

Combined analysis of data from the EINSTEIN‐DVT and EINSTEIN‐PE trials demonstrated similar efficacy between rivaroxaban and LMWH/VKA for secondary prophylaxis against VTE in patients with active cancer [24](#onco13302-bib-0024){ref-type="ref"}. The SELECT‐D randomized trial compared 6‐month treatment with rivaroxaban versus LMWH in patients with cancer and observed low rates of recurrence in either arm [37](#onco13302-bib-0037){ref-type="ref"}. Recent evidence from North America suggests that warfarin and rivaroxaban are at least as commonly used as prophylactic agent as LMWH, and for longer treatment periods [38](#onco13302-bib-0038){ref-type="ref"}. Moreover, a meta‐analysis of randomized controlled phase III trials suggested a trend, albeit nonsignificant, toward better efficacy and safety of DOACs versus VKA for the treatment of VTE in patients with cancer [39](#onco13302-bib-0039){ref-type="ref"}. Additionally, in a large‐scale study, antithrombotic prophylaxis significantly reduced systemic VTE and mortality in patients with cancer with a CVC implant [9](#onco13302-bib-0009){ref-type="ref"}. The HOKUSAI‐VTE trial showed that edoxaban was noninferior to conventional anticoagulation using warfarin in patients with cancer and VTE and led to less clinically relevant bleeding [25](#onco13302-bib-0025){ref-type="ref"}. Subsequently, the same investigators demonstrated noninferiority of edoxaban versus dalteparin at preventing VTE recurrence and major bleeding in a large cohort of patients with cancer [28](#onco13302-bib-0028){ref-type="ref"}. The present survey reveals that although warfarin is more commonly used prophylactically or therapeutically than any individual DOACs, use of these latter agents taken together as a class (that is, any DOAC) exceeds that of warfarin in contemporary practice.

FRONTLINE 2 respondents reported that less than one in five patients with cancer overall experience VTE events, and of those, individuals with brain, pancreatic, and lung tumors are at highest risk. These data are in line with those provided in an extensive literature review by Timp et al. [40](#onco13302-bib-0040){ref-type="ref"}, wherein the cumulative incidence rate of VTE in newly diagnosed patients with cancer either enrolled in observational cohort registries or admitted as inpatients to oncology departments varied at 1%--8% over approximately 2 years of follow‐up. These researchers also noted a pattern of higher risk for VTE in more aggressive versus classically indolent tumor types [40](#onco13302-bib-0040){ref-type="ref"}. It is possible that both surgical and medical oncologists who tend to deal with the same tumors on a day‐to‐day basis may be alert that their own patients are at either higher or lower risk for VTE and thereby administer prophylaxis accordingly. Because clinical practice guidelines such as those issued by the International Initiative on Thrombosis and Cancer (endorsed by the International Society on Thrombosis and Haemostasis [41](#onco13302-bib-0041){ref-type="ref"}) grade risk assessment based on primary site (Khorana score), it seems likely that the perception of certain cancers as conferring higher risk of VTE, rather than cancer per se, exerts primary influence on prevention strategy.

The present study has limitations. Although a large sample of participants (more than 5,000) responded, whether the data collected truly reflect actual clinical practice worldwide is unknown. Moreover, comparisons between the latest FRONTLINE 2 findings versus original FRONTLINE are hampered by the large switch in geographical location of respondents to the two surveys, from mostly Europe and North America at first to rest of world in the latter survey. On the other hand, to the authors\' knowledge, the present survey is the largest of its kind to date and provides a wealth of insights.

Conclusion {#onco13302-sec-0017}
==========

This study shows that across the globe, practice in the setting of cancer‐related VTE varies somewhat. However, many notable innovations in anticoagulation therapy are being adopted. As our knowledge of VTE in cancer increases, so will the promise of better outcomes for those affected. Indeed, the recently published AVERT [29](#onco13302-bib-0029){ref-type="ref"} and CASSINI [30](#onco13302-bib-0030){ref-type="ref"} trials provide compelling evidence for the use of the DOACs apixaban and rivaroxaban for the prevention of VTE in high‐risk patients with cancer in a range of clinical scenarios. It is hoped that the present FRONTLINE 2 survey elevates clinicians\' awareness of the risk and optimal management choices for VTE in cancer.
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